7/ SITE CHARACTERIZATION FOR CO, STORAGE

FROM COAL-FIRED POWER FACILITIES IN THE
BLACK WARRIOR BASIN OF ALABAMA

Jack C. Pashin, Geological Survey of Alabama

~ Peter E. Clark, Andrew M. Goodliffe, and
—tt i Eric S. Carlson, University of Alabama

+. Mason Tomson, Rice University

" DE-FE0001910




PROJECT TEAM

v"University of Alabama (Lead)
v'Geological Survey of Alabama
¥'Rice University

v'Southern Company, Alabama Power
v'Schlumberger Carbon Services
v"Micro-g Lacoste
v"Halliburton/Pinnacle Technologies
v'SECARB

v"University of Alabama at Birmingham



DURATION AND BUDGET

v Performance Period
e December 8, 2009 to December 7, 2012
* Divided into three equal budget periods

v Budget
 Total project cost — $17,410,794
* Government share — $9,849,924
* Cost share — $7,560,870




PROJECT GOALS

¥ Analyze the CO, storage capacity and
injectivity of stacked saline formations in the
Cambrian-Pennsylvanian section of the Black
Warrior basin.

v Assess the risks associated with geologic
carbon storage in the Black Warrior basin.

v Develop a regional plan and BPM for carbon
sequestration.

N=TL




PROJECT OBJECTIVES

v Assess saline reservoirs, O&G reservoirs
v'Shoot 2-D seismic profiles
¥ Drill 8000-ft well at Plant Gorgas
¥ Core reservoirs and seals

¥ Quantify reservoir properties using
* Advanced petrophysical and geophysical techniques
* |njection/well testing
° |ntegrity testing using mini-fracs

¥ Analysis of mineralization, dissolution, seals
v'Reservoir simulation

v'Develop best practices manual
¥'Leave infrastructure at plant
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PRELIVINARY CAPACITY ESTIWVIATE

Formation

Areal
extent
(mi’)

Porosity
(%)

Capacity
(tonnes/mi’)

Regional
capacity
(gigatonnes)

Pottsville Formation™*

Parkwood Formation

Bangor Limestone*

Hartselle Sandstone™
Lewis Sandstone

Tuscumbia Limestone*

9.400
2.820
5.640
5,640
2.820
5,640

18
13
15
15
15
15

2,031,969
312611
325,636
468 916
175,844
586,145

19.1
0.9
1.8
2.6
0.5
3.3

Total

3,901,121

* Saline formation present at test site
“* Shallower than 2,480 feet at test site.




TUSCUNIBIA STRUCTURE

EXPLANATION

Contour interval = 100 ft
_« Thrust fault / Anticline

a Normalfault/ Syncline

Elevation

[: >0ft

[ 1] oto-1000

[ ] -1000to-2000
[ ] -2000to-3000
[ ] -3000to-4000
[ ] -4000to-5000
[ ] -5000t0-6000




APPALACHIAN STRUCTURE

BI

Birmingham

sdquatchfe  PALMERDALE MUSHWAD  oyicjinorium Cahaba

s-D Synclinorium S-D Coosa Synclinorium

Birmingham Graben
No vertical exaggeration
10 km

e M-P Mississippian-Pennsylvanian

S-D Silurian-Devonian
C-O Cambrian-Ordovician carbonate
C Cambrian Shale
Basement Crystalline basement

Thomas and Bayona (2005)
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SURFACE
GE0L0C

[:l Quaternery alluvium

:] Cretaceous

[ Brookwood Coal Group
Utley Coal Group

[___] Gwin Coal Group

Cobb Coal Group

[ Pratt Coal Group

|:] Gillespy Coal Group

:| Mary Lee Coal Group

|:| Ream Coal Group

[ ] Black Creek Coal Group

[ ] Lower Pottsville

[ Pre-Pottsville Paleczoic

20 Miles




D)2V ONIAN-NVISSISSIPPIAN SpALE

A A’

Southwest Northeast

THRUST SHEET SYNCLINE

Rock Types

Sandstone B vaiegated shal Stratigraphic Markers
ariegated shale
D Variegated Ls, Dol 9

Chatt l:l Gray to black shale

. - Radioactive black shale
|:| Limestone

- Unconformity
Ferruginous marker bed
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VISSISSIPPIAN STRATICRAR Y

Parkwood
u_____..—A

Location
Rock Types
[ ] sandstone Stratigraphic Markers

[ ] Limestone Sequence boundary

[ | Conductive shale ——— Maximum flooding surface
[ Resistive shale

B Radioactive shale




IDEALIZED) POTISYILLE CYCLOTRIEVY

Northwest

Destructive

Approx. scale

20 km

EXPLANATION
Terrestrial shale
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[ IPorous sandstone s Burrows
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Southeast

.  LSE
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-7 7 v w-- HST
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CS Condensed section
MFS Maximum flooding surface
TSE Transgressive surface of erosion
LSE Lowstand surface of erosion
HST Highstand systems tract

TST Transgressive systems tract




RECIONAL STRATICGRAP R
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EXPLORATORY WELL

~ Depth ~8000 ft (TD est. in
e Cambrian Dolomite)
2000 T § v Extensive log suite
-orrarwondromation | Multiple coring points (full
o gt core and sidewall)
B ;:MRFG"'M v Conventional core analysis

1= v Tight-rock analysis
TR 0 ceecooene v Geophysical testing (VSP,
o § =, "“" microseismic, borehole
- ke gravity)
o e v Injectivity testing

°  conmsmuromaion | ¥ Mini-frac testing




SEISMIC REFLECTION

NwW

v 10 miles of SEISMIC [aw Commosmane vty
reflection along e
County and State
Highways

v Two perpendicular
lines configured to
image regional
structure

* Appalachian
folds

* Thin-skinned
normal faults

=1L




v"Nominal 10 foot receiver
interval

v 40 foot group interval
(variable)

v 120 foot source interval

¥'3 Hemi-44 truck mounted [
vibrators

v'Max offset along a 5 mile
line of 24,600 foot SR B Ty necsonsenn
¥ Processing though depth [REEEEREES Tl ke
migration %, & Wl
¥ Inversion with well data
v Amplitude versus offset
analysis
v Detailed attribute analysis




SEISMIC TOMOGRAPHY

v 100-200 “Texan” single
channel geophones
deployed during Vibroseis
survey

v Data will be used to build a
regional velocity model

v Extends seismic results to
3-D (though at lower
resolution)

v Important for constraining
reservoir models beyond
seismic reflection coverage

v Potential for additional . 4
seismic anisotropy data N=TL




ADDITIONAL GEOPHYSICS

v'Multi-offset VSP
*Correlation of well and seismic data
*Depth conversion
|ldentify multiples in conventional seismic data
v'Synthetics
v'Borehole gravity
' *Density, porosity and heterogeneity away from the
borehole
v'Microseismic monitoring during water injection
*Little seismicity expected
* Constrain regional stress state and fracture
direction and compare results with other methods
*|ldentify potential cross-formational flow




RESERVOIR SIMULATION

v Assess storage capacity

v Estimate CO, injection rates

v Assess long-term viability
of storage

Fault plane

Utley
coal zone

v Integrate continuum and

coal zone

discrete reservoir elements

fault-related ~
shear fractures

v Attempt to identify
characteristics (beyond oL
porosity and permeability)
that appear to have
substantial impact on CO,
sequestration ANSTL




RESERVOIR SIMULATION

The assessment of geochemical issues requires investigation
at pore scale

Determining long-term viability requires basin-scale
calculations

Simulator must be able to handle large numbers of cells (>
10°) with many unknowns per cell

The simulation team has developed a very flexible simulator
and visualization framework

The framework required the slight modification of a
petroleum industry standard equation-of-state formulation

BSD-style license, so anyone can use or modify the code
Code base utilizes cutting-edge hardware; e.g., GPU cards




PRECIPITATION/DISSOLUTION

¥'Goal: Understand Long-term impact of CO, injection on mineral
dissolution mineralization and control both near the injection and
into the formation

¥ Study to date

* Baseline calcite dissolution

* Effects of additives: phosphonates and surfactants
» Surfactant desorption experiment

* Model has been proposed to predict surfactant behavior
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SURFACTANT RESEARCH

Calcite dissolution, blank comparision

4.85 y-=0.0027x+4.7996
y = 0.0033x + 4.7851 - Trial 1
4.83
e=fe=Trial 2
o 481
5 £0.0033x + 4.7732  —><Trial 3
' y =0.0034x + 4.7755 —¥=Trial 4
4.77
4.75
0 5 10 15
Time (min)
Desorption of Tween 20 from
calcite
4.85
4.84
4.83
4.82 y=0.0011x + 4.7801
N 2 _
481 R*=0.98177
pH 48
479 == Desorption
4.78 — Linear(Desorption)
477
476
4,75 +
0 5 10 15 20

Time (minutes)

Modeled dissolution slope versus inhibitor
concentration
T 0.004
£
S 0.0035
I
S 0.003
g
— 0.0025 +—Slope
& 0.002 -
2 —f—Calc Slope
S 0.0015 === ConfL
% 0.001 E‘_ === ConfH
2 0.0005
[a]
2 0
2 0 500 1000
(&)
Inhibitor Concentration (ppm)

* Blank dissolution was established

* Calcite dissolution with surfactant
was fitted with a Langmuir type
equation

* Desorption from treated calcite is
slow for prolonged effectiveness




PRECIPITATION/DISSOLUTION

v Laboratory simulations of mineral dissolution and precipitation:
* Near wellbore flow and reaction time

* Intermediate distances and reaction time, temperature
and pressure

* Long term reaction of CO, injections

» Effects of additives in controlling mineral dissolution and
precipitation

* Mixed ion effects and solid solution
v"Mathematical simulation

* Modeling with Phreeq C, ScaleSoftPitzer, and others

N=TL PSRICE




SCHEDULE

Year 1 (2009-10) Year 2 (2010-11) Year 3 (2011-12)

Ql | Q | Q3 | a4 Ql | Q@ | Q3 | Q4 Ql | Q | Q3 | o4

Task 1.0 Project Management and Planning

Task 2.0 Regional Significance
Subtask 2.1 Geologic Framework
Subtask 2.2 Capacity and Injectivity Assessment

Task 3.0 Test Site Characterization
Subtask 3.1 Site Design and Development
Subtask 3.2 Injectivity and Capacity
Subtask 3.3 Geophysical Characterization
Subtask 3.4 Simulation

Task 4.0 Containment Analysis
SubTask 4.1 Stratigraphic Containment
Subtask 4.2 Dissolution and Mineralization

Task 5.0 Summary Analysis

P rOg ress Subtask 5.1 Site Selection Criteria

Subtask 5.2 Risk Assessment

\/Geologic framework Task 6.0 Technology Transfer

v Assessment underway

V'Site selected Coming soon

¥ Seismic being permitted “Site selection criteria
v’ Simulation tools *Risk assessment

¥ Containment analysis *Best practices manual
v Dissolution and mineralization




